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1
THERMAL PLASMA PROCESSING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage filing under 35
U.S.C. 371 of International Application No. PCT/KR2020/
000924, filed on Jan. 20, 2020, which claims the benefit of
earlier filing date and right of priority to Korean Patent
Application No. 10-2019-0007398, filed on Jan. 21, 2019,
the contents of which are all incorporated by reference
herein in their entirety.

TECHNICAL FIELD

The present disclosure relates to a thermal plasma pro-
cessing apparatus capable of efficiently using thermal
plasma and securing a reaction time for the thermal decom-
position of the processing gas.

BACKGROUND ART

In general, thermal plasma is a partially ionized gas
mainly composed of electrons, ions, and neutral particles
(atoms and molecules) generated by arc discharge, and
maintains a local thermodynamic equilibrium state and thus
all of the constituent particles form a high-speed jet flame
with the same temperature ranging from thousands to tens of
thousands of degrees.

As described above, by using the characteristics of ther-
mal plasma with high temperature, high heat capacity, high
speed, and a large amount of active particles, the thermal
plasma is being used in advanced technologies in various
industrial fields.

Recently, as environmental pollution of specific industrial
waste has emerged as a social problem, interest in treatment
technology using thermal plasma for the purpose of remov-
ing harmful gases and greenhouse gases emitted from elec-
tronic industries such as semiconductors/displays is increas-
ing.

Thermal plasma processing apparatus (plasma torch, plas-
matron) using electrical energy is an apparatus that converts
into a large amount of thermal energy that can be used for
the decomposition of an object to be treated or the like.

By generating high-temperature thermal plasma, when
sufficient energy for gas ionization is supplied to the two
electrodes, an electric arc is generated at the two electrodes,
and when the discharge gas passes between the high-tem-
perature arcs, a thermal plasma jet is generated while the
discharge gas transitions to a plasma state.

In Korean Patent No. 967016 (application date: Sep. 20,
2007), a plasma torch apparatus is disclosed, which
includes, and configured to assemble, an apparatus body
part, an electrode part including a cathode provided therein
and an anode provided on a front thereof; a body-integrated
gas passage provided to supply gas to the side of the
electrode part and a body-integrated cooling water passage
provided to cool the apparatus, which are provided inte-
grally with the apparatus body part, respectively, and at least
one of a gas twisting means and a magnet means respec-
tively disposed around the electrode part, wherein the appa-
ratus body part includes a first metal body part including a
first body forming an apparatus outer edge, a housing
assembled in the first body and applies electricity while
supporting the anode, and a first casing for fixing the anode
while being assembled to one side of the first body; a heat
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insulation body part including a first heat insulation body
assembled inside the first body and the housing over the first
body and the housing and a second heat insulation body
composed of a second casing fixedly assembled to one side
of the first body and the first heat insulation body; and a
second metal body part including a second body assembled
inside the first and second insulating bodies over the first and
second insulating bodies and assembled and fixed to apply
electricity to the cathode, and an electricity applying piece
assembled with the second body and fastened to the inside
of the cathode.

As described above, when the electrode part forms an arc,
the gas twisting means rotates and injects the discharge gas
to move the arc point to prevent abrasion of the electrode
part, and the magnet means forms a magnetic field to adjust
the electron flow to improve thermal plasma discharge
stability.

However, according to the above prior art, a separate
structure for supplying the processing gas into the high-
temperature thermal plasma jet is not applied, and the length
of the arc is limited as the electrode part is composed of the
negative electrode and the positive electrode is applied.

Therefore, even if a structure for supplying the processing
gas is applied, the processing gas passes through the surface
of the thermal plasma jet having a relatively low tempera-
ture, so there is a limitation in increasing the thermal
decomposition effect of the processing gas, and there is a
problem that the required power consumption is increased.

In Korea Patent No. 1573844 (application date: Nov. 11,
2013), a plasma torch is disclosed which includes an elec-
trode protruding in one direction and to which a voltage is
applied, a first housing which receives the electrode with a
heat insulation member interposed therebetween, which
forms a first passage for supplying a discharge gas between
the electrode and the first housing, and which discharges the
arc generated by being firstly grounded to a first discharge
port, and a second housing which forms a second passage
supplying a processing gas by receiving a tip of the first
housing, and which discharges an arc flame combusting a
material to be processed contained in the processing gas to
a second discharge port by being secondarily grounded and
thus extending the arc.

As described above, since the arc is formed in the first
housing and the second housing, the length of the arc can be
extended, and the arc can be rotated through a screw line
formed inside the second housing, and the processing gas is
supplied and passed through the center part of the high-
temperature thermal plasma jet to effectively process the
processing gas.

However, according to the prior art, there is a limit in
lengthening the arc length. In addition, since the processing
gas is immediately discharged into the atmosphere after
passing through the high-temperature arc, it is difficult to
secure a reaction time for the processing gas to be suffi-
ciently thermally decomposed in an insulated space.

In addition, according to the prior art, the rotation of the
arc is induced by using the thread of the inner circumfer-
ential surface of the housing, but since the arc does not rotate
smoothly, the inner circumferential surface of the housing is
locally damaged by the arc, making it difficult to secure
electrode life.

DISCLOSURE
Technical Problem

The present disclosure has been devised to solve the
problems of the prior art, and an object of the present
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disclosure is to provide a thermal plasma processing appa-
ratus capable of securing a thermal decomposition reaction
time of a processing gas.

In addition, an object of the present disclosure is to
provide a thermal plasma processing apparatus capable of
uniformly rotating the arc and appropriately adjusting the
length of the arc.

Technical Solution

A thermal plasma processing apparatus according to an
embodiment of the present disclosure includes a torch part
in which an arc is generated between a negative electrode
and a positive electrode, and in which a processing gas to be
thermally decomposed by the arc is injected between the
negative electrode and the positive electrode, a power sup-
ply part configured to be connected to the negative electrode
and the positive electrode and to apply a high voltage
between the negative electrode and the positive electrode,
and a reaction part configured to communicate with the torch
part and generate turbulence in the processing gas passed
through the torch part.

The torch part may include a negative electrode located in
a center thereof, a first positive electrode of a cylinder type
configured to surround the negative electrode and have a
first hole in the center thereof, and a second positive
electrode of a cylinder type configured to be spaced apart
from the lower side of the first positive electrode and have
a second hole communicating with the first hole in the center
thereof.

The torch part may include a shaft-type negative electrode
housing in which the negative electrode is mounted at the
lowermost end and in which a cooling flow path is provided
at the center thereof, a first positive electrode housing of a
cylindrical type configured to be installed to surround the
first positive electrode and to have a supply path commu-
nicating with a cooling flow path provided on an outer
circumferential surface of the first positive electrode, and a
second positive electrode housing of a cylindrical type
configured to be installed to surround the second positive
electrode and to have a cooling flow path between the
second positive electrode and the second positive electrode
housing.

The torch part may further include a first discharge gas
injection part configured to be provided above the first
positive electrode, to inject discharge gas to the inside
thereof in a rotational direction, and to supply the discharge
gas to the upper portion of the first hole, a processing gas
injection part configured to be provided to surround the first
positive electrode housing, to inject a processing gas to be
processed to the inside thereof in a rotational direction, and
to supply the processing gas to an upper part of the second
hole, and a second discharge gas injection part configured to
be provided between the processing gas injection part and
the second positive electrode, to inject the discharge gas into
the inside thereof in a rotational direction, and to supply the
discharge gas to the upper part of the second hole, and the
first and second discharge gas injection parts and the pro-
cessing gas injection part may be configured to inject
discharge gas and processing gas in the same rotational
direction.

The first discharge gas injection part may include a first
main body part configured to have a cylindrical shape
communicating with the first hole and to have a predeter-
mined thickness in a radial direction, and a plurality of first
discharge gas injection ports configured to pass through the
inner/outer circumferential surface of the first main body
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part and to inject the discharge gas in a tangential direction
with respect to the inner circumferential surface of the first
main body part.

The processing gas injection part may include a cylindri-
cal main body part configured to surround the first positive
electrode and the first discharge gas injection part and to
communicate with the second hole, and a plurality of
injection pipes configured to communicate with the inside of
the main body part and to inject the processing gas in a
tangential direction with respect to the inner circumferential
surface of the main body part.

The second discharge gas injection part may include a
second main body part configured to have a cylindrical
shape communicating with the second hole and to have a
predetermined thickness in a radial direction, a plurality of
second discharge gas injection ports configured to pass
through the inner/outer circumferential surface of the second
main body part and to inject the discharge gas in a tangential
direction with respect to the inner circumferential surface of
the second body part, and a ring-shaped second discharge
gas auxiliary injection port configured to communicate with
each other outside the second discharge gas injection port.

The torch part may further include a third discharge gas
injection part configured to be provided at the second
positive electrode and a lower end of the second positive
electrode housing, to inject the discharge gas to the inner
side in a rotational direction, and to supply the discharge gas
to the lower part of the second hole.

The third discharge gas injection part may include a
plurality of third discharge gas injection ports configured to
pass through the inner circumferential surface of the second
positive electrode and the outer circumferential surface of
the second positive electrode housing and to inject discharge
gas in a tangential direction with respect to the inner
circumferential surface of the second positive electrode, and
a ring-shaped third discharge gas auxiliary injection port
configured to communicate with each other outside the third
discharge gas injection port.

The torch part may further include a first magnet part
configured to be provided around the first positive electrode
and to generate a magnetic field in the same direction as the
rotational direction of the discharge gas injected by the first
discharge gas injection part.

The torch part may further include a second magnet
configured to be provided around the second positive elec-
trode and to generate a magnetic field in the same direction
as the rotational direction of the discharge gas injected by
the second discharge gas injection part.

The power supply part may include a negative electrode
electric wire configured to connect a negative charge to the
negative electrode, a first positive electrode electric wire
configured to connect a positive charge to the first positive
electrode, a second positive electrode electric wire config-
ured to connect a positive charge to the second positive
electrode, and a switch configured to be provided on the first
positive electrode electric wire and to selectively energize
the negative electrode and the first positive electrode.

The reaction part may include a reaction chamber pro-
vided under the second positive electrode and provided with
a discharge flow path which is long in the axial direction
communicating with the second hole, a first protective gas
injection part configured to be provided on the upper part of
the reaction chamber, to inject the protective gas into the
inside thereof, and to supply the protective gas to an upper
part of the discharge passage, and a second protective gas
injection part configured to be provided under the reaction



US 12,284,746 B2

5

chamber, to inject a protective gas into the inside thereof,
and to remove foreign matters accumulated in the lower part
of the discharge flow path.

The reaction chamber may include a cylinder-type inner
housing provided with at least one bottleneck formed by
decreasing the diameter of the discharge flow path, and a
double pipe-type outer housing installed to surround the
inner housing and provided with a cooling flow path therein.

The inner housing may be composed of insulation
ceramic.

The first and second protective gas injection parts may
supply one of nitrogen (N,), argon (Ar), air, and oxygen (O,)
as protective gas.

The first protective gas injection part may include a
plurality of first protective gas injection ports configured to
pass through the upper inner/outer circumferential surface of
the reaction chamber and to inject the protective gas in a
tangential direction with respect to the inner circumferential
surface of the reaction chamber, and a ring-shaped first
protective gas auxiliary injection part communicating with
each other outside the first protective gas injection ports.

The second protective gas injection part may include a
plurality of second protective gas injection ports configured
to pass through the lower inner/outer circumferential surface
of the reaction chamber and to inject the protective gas in an
orthogonal direction with respect to the inner circumferen-
tial surface of the reaction chamber, and a ring-shaped
second protective gas auxiliary injection port configured to
communicate with each other outside the second protective
gas injection port.

The second protective gas injection port may be provided
to be inclined downward from the outer circumferential
surface of the reaction chamber toward the inner circumfer-
ential surface in the discharge direction of the discharge flow
path.

Advantageous Effect

The thermal plasma processing apparatus according to the
present disclosure is provided with a reaction part under the
torch part.

Therefore, after the processing gas is thermally decom-
posed by a high-temperature arc in the torch part, the
reaction time can be increased by inducing a turbulent flow
of the processing gas in the reaction part, thermal decom-
position can be promoted, and processing efficiency and
energy efficiency can be improved.

In addition, the torch part is provided with a first discharge
gas injection part above the first positive electrode, a pro-
cessing gas injection part is provided above the second
positive electrode to surround the first positive electrode,
and a second discharge gas injection part is provided above
the second positive electrode.

Accordingly, the discharge gas injected by the first and
second discharge gas injection parts forms to smoothly
rotate the arc formed inside the first and second positive
electrodes, thereby increasing the service life of peripheral
components.

Then, the discharge gas injected by the first and second
discharge gas injection parts moves or extends the first arc
to the second arc inside the second positive electrode to
increase the length of the arc, so that the processing gas
comes into contact with the center of the high-temperature
arc and thus, it is possible to increase the thermal decom-
position performance and reduce the power consumption
required to decompose the processing gas.
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In addition, the torch part is provided with a third dis-
charge gas injection part under the second positive electrode.

Accordingly, by controlling the position of the second arc
point by the discharge gas injected by the third discharge gas
injection part, the length of the entire arc can be appropri-
ately adjusted, and the arc can be prevented from being
exposed to the outside.

Further, the power supply part is connected to the negative
electrode, the first positive electrode, and the second positive
electrode, and a switch is provided on the electric wire
connected to the first positive electrode.

Therefore, by turning on the switch at the initial start-up
and then turning off the switch, the first arc is easily
generated between the negative electrode and the first posi-
tive electrode installed close to each other in the beginning,
and then the generation of a second arc can be stably induced
to a gap between the negative electrode and the second
positive electrode, which are installed to be relatively wide,
using the first arc and plasma discharge stability can be
improved.

DESCRIPTION OF DRAWINGS

FIG. 1 is a front cross-sectional view illustrating a thermal
plasma processing apparatus according to an embodiment of
the present disclosure.

FIG. 2 is a front cross-sectional view illustrating an
example of the torch part and the power supply part applied
to the thermal plasma processing apparatus of the present
disclosure.

FIGS. 3a and 36 are a front cross-sectional view and a
plan cross-sectional view illustrating an example of the first
discharge gas injection part applied to FIG. 2.

FIGS. 4a and 4b are a front cross-sectional view and a
plan cross-sectional view illustrating an example of the
processing gas injection part applied to FIG. 2.

FIGS. 5a and 5b are a front cross-sectional view and a
plan cross-sectional view illustrating an example of the
second discharge gas injection part applied to FIG. 2.

FIGS. 6a and 6b are a front cross-sectional view and a
plan cross-sectional view illustrating an example of a third
discharge gas injection part applied to FIG. 2.

FIGS. 7a and 75 are plan sectional views illustrating first
and second embodiments of the magnet part applied to FIG.
2.

FIG. 8 is a front cross-sectional view illustrating an
example of the reaction part applied to the thermal plasma
processing apparatus of the present disclosure.

FIGS. 9a to 9Yc¢ are front cross-sectional views illustrating
various examples of the inner housing applied to FIG. 8.

FIGS. 10a and 105 are a front cross-sectional view and a
plan cross-sectional view illustrating an example of the first
protective gas injection part applied to FIG. 8.

FIGS. 114 and 115 are a front cross-sectional view and a
plan cross-sectional view illustrating an example of a second
protective gas injection part applied to FIG. 8.

FIGS. 12 to 14 are front cross-sectional views illustrating
the operating state of the thermal plasma processing appa-
ratus according to an embodiment of the present disclosure.

BEST MODE

Hereinafter, the present embodiment will be described in
detail with reference to the accompanying drawings. How-
ever, it will be said that the scope of the spirit of the present
disclosure provided by the present embodiment can be
determined from the matters disclosed in this embodiment,
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and the spirit of the present disclosure provided by the
present embodiment includes the implementation modifica-
tion such as addition, deletion, and change of components
with respect to the proposed embodiment.

FIG. 1is a front cross-sectional view illustrating a thermal
plasma processing apparatus according to an embodiment of
the present disclosure.

A thermal plasma processing apparatus according to an
embodiment of the present disclosure includes a torch part
100 for thermally decomposing a processing gas by an arc,
a power supply part 200 for applying a high voltage to
electrodes on a side of the torch part 100, and a reaction part
300 for promoting thermal decomposition of the processing
gas that has passed through the torch part 100.

The torch part 100 and the reaction part 300 communicate
with each other, and the processing gas may be supplied into
the torch part 100 and then discharged through the reaction
part 300. Of course, the torch part 100 and the reaction part
300 are configured as one system, but the reaction part 300
may be configured to be detachably attached to the torch part
100.

FIG. 2 is a front cross-sectional view illustrating an
example of the torch part and the power supply part applied
to the thermal plasma processing apparatus of the present
disclosure.

The torch part 100 includes a negative electrode 110, a
first positive electrode 120, a second positive electrode 130,
a first discharge gas injection part 140, a processing gas
injection part 150, a second discharge gas injection part 160,
a third discharge gas injection part 170, and first and second
magnet parts M1 and M2.

The negative electrode 110 may be formed of a rod-type
located in the center and may be made of a tungsten (W)
material containing thorium (Th) to which a high voltage
can be applied but is not limited thereto.

The negative electrode 110 having such a configuration is
mounted on the lower end of the axial negative electrode
housing 110A, and a negative electrode cooling flow path
110B through which cooling water can circulate along the
axial direction of the negative electrode housing 110A may
be provided.

The first positive electrode 120 may be formed of a
cylinder type in which the first hole 120/ surrounding the
negative electrode 110 is located in the center and may be
made of copper (Cu) or tungsten (W) material capable of
generating an arc when a high voltage is applied but is not
limited thereto.

In detail, the first positive electrode 120 may include a
negative electrode receiving part 121 surrounding the cir-
cumference of the negative electrode 110, and a first arc
generating part 122 that is continuous below the negative
electrode receiving part 121 and electrically generates the
first arc.

In addition, the diameter of the first hole 120/ gradually
decreases toward the lower side of the negative electrode
receiving part 121 and may be uniformly configured in the
first arc generating part 122. In addition, it may be config-
ured to maintain a minimum gap between the negative
electrode 110 and the negative electrode receiving part 121
to facilitate arc generation between the negative electrode
110 and the first positive electrode 120.

Accordingly, when the discharge gas passes through the
first hole 120/ of the first positive electrode 120, the speed
of the discharge gas increases as the discharge gas passes
between the negative electrode receiving part 121 and the
first arc generating part 122 and is pressurized. In addition,
the accelerated discharge gas may move the first arc gener-
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8

ated inside the first positive electrode 120 to the inside of the
second positive electrode 130, and the arc moved to the
second positive electrode 130 or the arc generated in the
second positive electrode 130 is called as a second arc.

The first positive electrode 120 having such a configura-
tion is mounted on the inner circumferential surface of the
first positive electrode housing 120A having a cylindrical
shape, a first positive electrode cooling flow path 120B
through which cooling water may circulate may be provided
in the first positive electrode housing 120A, and a cooling
groove 123 communicating with the first positive electrode
cooling flow path 120B may be formed along the outer
circumferential surface of the first positive electrode 120 in
order to increase cooling efficiency.

The second positive electrode 130 may be spaced apart
from the lower side of the first positive electrode 120, may
be configured to be of a cylinder type in which a second hole
130/ capable of communicating with the first hole 120/ is
located in the center, may be configured to be larger than the
first positive electrode 120, and, like the first positive
electrode 120, may be made of a material capable of
applying a high voltage.

In detail, the diameter of the second hole 130/% is config-
ured to be larger than the diameter of the first hole 120/, the
second arc formed inside the second hole 130/ is induced
not to be transferred to the first hole 120/, and the first arc
formed inside the first hole 120/ can be stably moved or
extended to the inside of the second hole 1304.

In addition, the length of the second hole 130% is config-
ured to be longer than the length of the first hole 120/, and
the second arc formed inside the second hole 130/ may be
configured to thermally decompose the processing gas.

The second positive electrode 130 having the above
configuration is mounted on the inner circumferential sur-
face of the second positive electrode housing 130A having
a cylindrical shape and a second positive electrode cooling
flow path 130B through which cooling water may circulate
may be provided inside the second positive electrode hous-
ing 130A.

In addition to the above components, the first discharge
gas injection part 140, the processing gas injection part 150,
and the second and third discharge gas injection parts 160
and 170 included in the torch part 100 will be described in
detail below.

Meanwhile, the negative electrode housing 110A and the
first and second positive electrode housings 120A and 130A
may be made of a metal material, and when a high voltage
is applied to the negative electrode 110 and the first and
second positive electrodes 120 and 130 by the power supply
part 200, current may also flow in the negative electrode
housing 110A and the first and second positive electrode
housings 120A, 130A.

Accordingly, the negative electrode housing 110A and the
first and second positive electrode housings 120A and 130A
should be connected with a heat insulation member I ther-
ebetween in order to insulate the negative electrode housing
110A and the first and second positive electrode housings
120A and 130A from other surrounding components.

The power supply part 200 is a device capable of sup-
plying direct current power and is configured to energize the
negative electrode 110 and the first positive electrode 120 or
to energize the negative electrode 110 and the second
positive electrode 120.

In detail, the power supply part 200 may further include
a negative electrode electric wire 210 configured to connect
a negative charge to the negative electrode 110, a first
positive electrode electric wire 220 configured to connect a
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positive charge to the first positive electrode 120, a second
positive electrode electric wire 230 configured to connect
the positive charge to the second positive electrode 130, and
a switch 240 provided on the first positive electrode electric
wire 220.

When the switch 240 is temporarily turned on during
initial start-up, a first arc is generated inside the first positive
electrode 120 as the negative electrode 110 and the first
positive electrode 120 are energized, and the negative elec-
trode and the second positive electrode can also be main-
tained an energized state.

However, since the gap between the negative electrode
110 and the second positive electrode 130 is somewhat large,
a second arc is not easily generated between the negative
electrode and the second positive electrode 130, but the
second arc can be easily induced by the first arc.

Thereafter, when the switch 240 is turned off, even if the
electricity supplied to the first positive electrode 110 is cut
off, the negative electrode 110 and the second positive
electrode 130 maintain an energized state, and a second arc
can be stably generated inside the second positive electrode
130.

FIGS. 34 and 3b are a front cross-sectional view and a
plan cross-sectional view illustrating an example of the first
discharge gas injection part applied to FIG. 2.

The first discharge gas injection part 140 supplies a
discharge gas for forming plasma inside the first positive
electrode 120 and may be configured to be provided above
the first positive electrode 120 and supply the discharge gas
to the inside of a first hole 120/ of the first positive electrode
in a rotational direction.

The first discharge gas injection part 140 may be made of
a heat insulation material, and the discharge gas injected into
the first discharge gas injection part 140 may be composed
of a gas such as nitrogen (N,), argon (Ar), air, oxygen (O,),
and hydrogen (Hz).

In detail, the first discharge gas injection part 140 may
include a first main body part 141 having a cylindrical shape,
and a plurality of first injection ports 141/ horizontally
passing through the inner/outer circumferential surface of
the first main body part 141.

The first main body part 141 may have a cylindrical shape
communicating with the upper side of the first hole 120/ of
the first positive electrode and may be configured to have a
predetermined width in a radial direction as well as a
predetermined thickness in a height direction.

The first injection port 1412 may be configured to inject
the discharge gas to rotate along the inner circumferential
surface of the first main body part 141 in a clockwise or
counterclockwise direction.

According to the embodiment, the first injection port 141/
is formed in a tangential direction with respect to the inner
circumferential surface of the first main body part 141, and
four first injection ports 1412 may be provided at regular
intervals in the circumferential direction but is not limited
thereto.

Accordingly, when the discharge gas is supplied in the
rotational direction along the inner circumferential surface
of the first positive electrode 120 by the first discharge gas
injection part 140, the discharge gas may be generated as
thermal plasma by the first arc.

In addition, since the first arc moves or extends to the
second arc along the flow direction of the discharge gas, the
entire length of the arc can be lengthened.

FIGS. 44 and 4b are a front cross-sectional view and a
plan cross-sectional view illustrating an example of the
processing gas injection part applied to FIG. 2.
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The processing gas injection part 150 is for supplying a
processing gas to be thermally decomposed and a reaction
gas chemically reacting with the processing gas and is
provided on the upper side of the second positive electrode
130 to surround the circumference of the first anode 120, and
the processing gas and the reaction gas may be configured to
supply the inside of the second hole 130/ of the second
positive electrode in a rotational direction.

The processing gas is a greenhouse gas and harmful gas
and may be N, gas in which PFCs gas (CF,, SF,, C,F¢, NF;,
or the like) is mixed, and the reaction gas may be air, steam
(H,0), oxygen (O,), hydrogen (H,), or the like that can
decompose the processing gas through a chemical reaction
with the processing gas described above, but is not limited
thereto.

In detail, the processing gas injection part 150 may
include a cylindrical main body part 151 and a plurality of
injection pipes 152 horizontally provided outside the main
body part 151 so as to communicate with the inside of the
main body part 151.

The main body part 151 has a large cylindrical shape
surrounding the first positive electrode 120 and the first
discharge gas injection part 140 and may communicate with
an upper side of the second hole 130/ of the second positive
electrode.

The injection pipe 152 may be configured to inject the
processing gas and the reaction gas along the inner circum-
ferential surface of the main body part 151 in a clockwise or
counterclockwise direction.

According to the embodiment, the injection pipe 152 is
provided in a tangential direction with respect to the inner
circumferential surface of the main body part 151, and four
injection pipes 152 may be provided at regular intervals in
the circumferential direction but is not limited thereto.

In order to smoothly reach the processing gas to the center
part of the arc, the rotational direction of the processing gas
injected by the injection pipe 151 is preferably configured to
coincide with the rotational direction of the discharge gas
injected by the first injection port 141/ described above.

Usually, when the processing gas is supplied from the
upper side of the arc, if the arc length is short, the processing
gas comes into contact with the surface of the arc having a
relatively low temperature.

However, according to the present disclosure, the total
length of the arc including the lengths of the first and second
arcs can be increased by the discharge gas supplied by the
first discharge gas injection part 140 and the second dis-
charge gas injection part 160, and the length of the arc may
be increased even by the processing gas supplied by the
processing gas injection part 150.

Therefore, when the processing gas is supplied from the
upper side of the second positive electrode 130 in the
rotational direction by the processing gas injection part 150,
the processing gas comes into contact with the center part of
the second arc having a relatively high temperature, and the
thermal decomposition performance of the processing gas
can be improved.

FIGS. 5a and 5b are a front cross-sectional view and a
plan cross-sectional view illustrating an example of the
second discharge gas injection part applied to FIG. 2.

The second discharge gas injection part 160 supplies
discharge gas for rotational driving of the second arc formed
inside the second positive electrode 130, is provided above
the second positive electrode 130, and may be configured to
supply the discharge gas to the inside of the second hole
130/ of the second positive electrode 130 in the rotational
direction.
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Of course, the discharge gas injected into the second
discharge gas injection part 160 may be also a gas such as
nitrogen (N,), argon (Ar), or a gas such as air, oxygen (O,),
hydrogen (H,), but is not limited thereto.

The second discharge gas injection part 160 is configured
in the same way as the first discharge gas injection part 140
and may include a second main body part 161 having a
cylindrical shape made of a heat insulation material, and a
plurality of second injection port 161/ passing through the
inner/outer circumferential surface of the second main body
part 161 horizontally.

According to the embodiment, the second injection port
161/ is formed in a tangential direction with respect to the
inner circumferential surface of the second main body part
161, and the eight second injection ports 161~ may be
provided at regular intervals in the circumferential direction
but is not limited thereto. However, the second injection port
161/ is configured to inject the discharge gas in the same
rotational direction as the first injection port 141/.

In addition, in order to uniformly supply the discharge gas
to the plurality of second injection ports 161/, a ring-shaped
auxiliary injection port 162/ communicating with each other
outside the second injection port 161% is provided in the
second positive electrode housing 130B or a communication
hole 163/ for injecting a discharge gas into the auxiliary
injection port 162/ from the outside may also be provided in
the second positive electrode housing 130B but is not
limited thereto.

Therefore, when the discharge gas is supplied along the
inner circumferential surface of the second positive elec-
trode 130 in the rotational direction by the second discharge
gas injection part 160, the discharge gas induces effective
rotational driving by the second arc, and high-temperature
thermal plasma causes the processing gas to thermally
decompose. Of course, it is possible to prevent the inner
circumferential surface of the second positive electrode 130
from being damaged by the second arc from by-products
generated during the decomposition of the processing gas
due to the influence of the flow direction of the discharge
gas.

FIGS. 64 and 6b are a front cross-sectional view and a
plan cross-sectional view illustrating an example of a third
discharge gas injection part applied to FIG. 2.

The third discharge gas injection part 170 is for forming
a flow of discharge gas capable of restraining the length of
the arc, is provided below the second positive electrode 130,
and is configured to supply the discharge gas into the lower
side of the second hole 1307 of the second positive elec-
trode.

The discharge gas injected into the third discharge gas
injection part 170 may also be composed of a gas such as
nitrogen (N,) and argon (Ar), or a gas such as air, oxygen
(0,), and hydrogen (H,), but not limited thereto.

In detail, the third discharge gas injection part 170 may be
configured as a third injection port 171/ horizontally passing
through the lower inner/outer circumferential surface of the
second positive electrode 130.

According to the embodiment, the third injection port
171/ is formed in a tangential direction with respect to the
inner circumferential surface of the second positive elec-
trode 130, and the eight third injection ports 171/ may be
provided at regular intervals in the circumferential direction
but is not limited thereto. However, the third injection port
1714 is also configured to inject the discharge gas in the
same rotational direction as the first and second injection
ports 141/ and 1614.
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In addition, a ring-shaped auxiliary injection port 172/
communicating with each other on the outside of the third
injection port 171% and a communication hole 173/ for
injecting a discharge gas into the auxiliary injection port
162/ from the outside are additionally provided with a
second positive electrode housing 130A but is not limited
thereto.

Accordingly, when the discharge gas is supplied to the
lower side of the second positive electrode 130 in the
rotational direction by the third discharge gas injection part
170, it is possible to prevent the length of the second arc
formed in the vertical direction from being further extended.

FIGS. 7a and 75 are plan sectional views illustrating first
and second embodiments of the magnet part applied to FIG.
2.

The magnet parts M1 and M2 form a magnetic field
around the arc to help the arc rotate and may include the first
magnet part M1 mounted on the outer circumferential sur-
face of the first positive electrode 120 and a second magnet
part M2 mounted on the outer circumferential surface of the
second positive electrode 130.

The magnet parts M1 and M2 are composed of a cylin-
drical permanent magnet surrounding the electrodes 120 and
130, and the N pole part N and the S pole part N can be
configured to be overlapped so that the inner circumferential
part and the outer circumferential part have different polari-
ties from each other.

Of course, the shapes of the magnet parts M1 and M2 may
also be configured differently according to the shapes of the
electrodes 120 and 130.

When the processing gas is injected in a counterclockwise
direction, as illustrated in FIG. 7a, the S pole part S is
mounted to surround the electrode, and the N pole part N is
mounted to surround the S pole part S so that a magnetic
field can be formed in the counterclockwise direction which
is a flowing direction of the processing gas.

When the processing gas is injected in the clockwise
direction, as illustrated in FIG. 7b, the N pole part N is
mounted to surround the electrode, and the S pole part S is
mounted to surround the N pole part N so that a magnetic
field can be formed in a clockwise direction which is a
flowing direction of the processing gas.

Therefore, by improving the rotation of the thermal
plasma arc formed inside the electrodes 120 and 130 under
the influence of the magnetic field formed by the magnet
parts M1 and M2, thermal decomposition performance can
be increased, and the thermal plasma jet formed by the arc
is not eccentric and is located in the center part of the
electrodes 120 and 130 so that discharge stability of the
thermal plasma jet can be improved.

FIG. 8 is a front cross-sectional view illustrating an
example of the reaction part applied to the thermal plasma
processing apparatus of the present disclosure.

The reaction part 300 includes a reaction chamber 310, a
first protection gas injection part 320, and a second protec-
tion gas injection part 330.

The reaction chamber 310 communicates with the second
hole 130% (illustrated in FIG. 2) of the second positive
electrode in which the processing gas is thermally decom-
posed by the second arc on a side of the torch part 200
(illustrated in FIG. 2) described above, and a discharge flow
path 310/ which is long in the axial direction is provided at
the center part.

Accordingly, a reaction time is provided in which thermal
decomposition can be promoted while the processing gas
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that has passed through the torch part 200 (illustrated in FIG.
2) passes through the reaction chamber before being dis-
charged to the outside.

According to the embodiment, the reaction chamber 310
may include an inner housing 311 having at least one
bottleneck 311A formed by decreasing the diameter of the
discharge flow path 310/, and an outer housing 312 pro-
vided to surround the inner housing 311 so as to cool the
inner housing 311.

The inner housing 311 has a cylindrical shape and
includes a heat insulation material 311a having a bottleneck
311A on an inner circumferential surface, and a housing
3115 provided to surround the outside of the heat insulation
material 311a. In this case, the heat insulation material 311a
may be made of ceramic that can withstand even a high-
temperature environment.

The outer housing 312 is in the form of a double pipe
312a, and a cooling flow path 31254 is provided inside the
double pipe 312a.

Accordingly, the discharge flow path 310/ can be main-
tained at a high temperature by the inner housing 311, and
the heat insulation material on a side of the inner housing
311 can be effectively cooled by the outer housing 312.

FIGS. 9a to 9¢ are front cross-sectional views illustrating
various examples of the inner housing applied to FIG. 8.

A plurality of bottlenecks 311A, 311B, and 311C may be
provided in a discharge direction of the processing gas inside
the inner housing 311.

The diameter D2 of the bottlenecks 311A, 311B, and
311C may be configured to be smaller than the diameter D1
of the inner housing 311, and the diameter thereof may be
gradually reduced in consideration of the flow of the pro-
cessing gas.

The bottlenecks 311A, 311B, and 311C of this configu-
ration generate turbulence in the flow of the processing gas
passing through the reaction chamber 310 (illustrated in
FIG. 8), induce mixing of the processing gas, and by
delaying the time it takes for the processing gas to exit the
reaction chamber 310 (illustrated in FIG. 8), thermal decom-
position of the process gas can be promoted.

Of course, as the number of bottlenecks 311A, 311B, and
311C increases, thermal decomposition of the processing
gas may be further promoted, but the number of bottlenecks
311A, 311B, and 311C may be appropriately adjusted in
consideration of flow resistance.

FIGS. 10q and 104 are a front cross-sectional view and a
plan cross-sectional view illustrating an example of the first
protective gas injection part applied to FIG. 8.

The first protective gas injection part 320 is for forming
a protective gas region along the inner circumferential
surface of the reaction chamber 310 (illustrated in FIG. 8) by
injecting a protective gas therein, and is located above the
reaction chamber 310 (illustrated in FIG. 8), and may be
configured to inject the protective gas inside the reaction
chamber 310 (illustrated in FIG. 8) in the rotational direc-
tion.

The protective gas injected into the first protective gas
injection part 320 may also be composed of a gas such as
nitrogen (N,) and argon (Ar), or a gas such as air and oxygen
(0,), like the discharge gas, but is not limited thereto.

The first protective gas injection part 320 may include a
first protection gas injection port 321/ horizontally passing
through the upper portion of the reaction chamber 310
(illustrated in FIG. 8).

According to the embodiment, a heat insulation member
I may be mounted between the torch part 100 (illustrated in
FIG. 1) and the reaction chamber 310 (illustrated in FIG. 8),
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a first discharge gas injection port 312/ may be provided in
the heat insulation member (I), the first protective gas
injection port 321/ may be formed in a tangential direction
with respect to the inner circumferential surface of the
reaction chamber 310 (illustrated in FIG. 8), and the eight
first protective gas injection ports 321/ may be provided at
regular intervals in the circumferential direction but is not
limited thereto.

Of course, in consideration of the flow of the discharge
gas and the processing gas on a side of the torch part 100
(illustrated in FIG. 1), it is preferable that the protective gas
is also injected in the same rotational direction.

In addition, in order to uniformly supply the protective
gas to the plurality of first protective gas injection ports
3214, a ring-shaped auxiliary injection port 322/ commu-
nicating with each other may be provided outside the first
protective gas injection port 321/, and a communication
hole 323% for injecting the protective gas into the auxiliary
injection port 322/ from the outside may be provided but is
not limited thereto.

Accordingly, when the protective gas is supplied in the
rotational direction along the inner circumferential surface
of'the reaction chamber 310 (illustrated in FI1G. 8) by the first
protective gas injection part 320, a protective gas region is
formed along the inner circumferential surface of the reac-
tion chamber 310 (illustrated in FIG. 8).

In addition, as the processing gas passes through the
reaction chamber 310 (illustrated in FIG. 8), thermal decom-
position is promoted to generate corrosive gas, and, by the
protective gas region, the corrosive gas can prevent direct
contact with the inner circumferential surface of the reaction
chamber 310 (illustrated in FIG. 8) and corrosion of the
reaction chamber 310 (illustrated in FIG. 8) can be pre-
vented.

FIGS. 114 and 115 are a front cross-sectional view and a
plan cross-sectional view illustrating an example of a second
protective gas injection part applied to FIG. 8.

The second protective gas injection part 330 is for dis-
charging foreign matters accumulated on the lower side of
the reaction chamber 310 (illustrated in FIG. 8) by injecting
a protective gas into the inside thereof, is provided on the
lower side of the reaction chamber 310 (illustrated in FIG.
8), and may be configured to inject a protective gas into the
reaction chamber 310 (illustrated in FIG. 8) in an orthogonal
direction.

The protective gas injected into the second protective gas
injection part 330 may also be composed of a gas such as
nitrogen (N,) and argon (Ar) or a gas such as air and oxygen
(O,), like the discharge gas, but is not limited thereto.

The second discharge gas injection part 330 may include
a second protection gas injection port 331/ that obliquely
passes through the lower part of the reaction chamber 310
(illustrated in FIG. 8), and the outlet of the second protection
gas injection port 331/ may be located at the lowermost end
of the inner circumferential surface of the reaction chamber
310 (illustrated in FIG. 8).

According to the embodiment, the reaction chamber 310
(illustrated in FIG. 8) is configured in such a way that the
outer housing 312 surrounds the lower part of the inner
housing 311 (illustrated in FIG. 8), and a second protective
gas injection port 331~ may be provided under the outer
housing 312.

In this case, the second protective gas injection port 331/
is formed in an orthogonal direction with respect to the inner
circumferential surface of the reaction chamber 310 (illus-
trated in FIG. 8), and eight second protective gas injection



US 12,284,746 B2

15

ports 3312 may be provided at regular intervals in the
circumferential direction but is not limited thereto.

In addition, in order to uniformly supply the protective
gas to the plurality of second protective gas injection ports
3314, a ring-shaped auxiliary injection port 332/ commu-
nicating with each other may be provided outside the second
protective gas injection port 331/, and a communication
hole 333% for injecting the protective gas into the auxiliary
injection port 332/ from the outside may be provided but is
not limited thereto.

When the high-temperature processing gas is discharged
from the reaction chamber 310 (illustrated in FIG. 1) to the
outside of room temperature, a large amount of fine particles
or the like may be generated and accumulated in the form of
foreign matters in the discharge port on the lower side of the
reaction chamber 310 (illustrated in FIG. 1).

Accordingly, when the protective gas is supplied to be
inclined downward in an orthogonal direction with respect
to the inner circumferential surface of the reaction chamber
310 (illustrated in FIG. 1) by the second protective gas
injection part 330, the foreign matters accumulated in the
lower part of the reaction chamber 310 (illustrated in FIG.
1) can be discharged to the outside, and it is possible to
prevent the discharge port of the reaction chamber 310
(illustrated in FIG. 1) from being clogged.

FIGS. 12 to 14 are front cross-sectional views illustrating
the operating state of the thermal plasma processing appa-
ratus according to an embodiment of the present disclosure.

At the time of initial start-up, when the switch 240 is
turned on as illustrated in FI1G. 12, the negative electrode 110
and the first positive electrode 120 are also energized while
the negative electrode 110 and the second positive electrode
130 are energized, a first arc is generated between the
negative electrode 110 and the first positive electrode 120
that are close to each other, and the first arc can be moved
to the second arc even between the negative electrode 110
and the second positive electrode 130 positioned a little
farther away.

As illustrated in FIG. 13, even if the switch is turned off,
the second arc may be continuously generated, and as the
power supply to the first positive electrode 120 is cut off; it
is possible to prevent the second arc from moving to the first
arc.

As described above, while the first and second arcs are
generated in the torch part and, at the same time, the
discharge gas and the processing gas are injected, the
processing gas is thermally decomposed.

When the discharge gas is injected into the upper side of
the first positive electrode 120 through the first discharge gas
injection part 140, the discharge gas is in contact with the
first arc to form, rotate, and move downward thermal plasma
jet. Accordingly, the flow of the discharge gas formed inside
the first positive electrode 120 may extend or move the first
arc to the inside of the second positive electrode 130.

When the discharge gas is injected into the upper side of
the second positive electrode 130 through the second dis-
charge gas injection part 160, the discharge gas is in contact
with the second arc to form, rotate, and move downward
thermal plasma jet.

As described above, when the arc and thermal plasma jets
are formed to be long in the axial direction and the process-
ing gas is injected into the upper side of the second positive
electrode 130 through the processing gas injection part 150,
the processing gas is not only in contact with the arc for a
long time but also passes through the center part of the arc
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which is approximately 10000° C., the thermal decomposi-
tion performance of the processing gas can be further
improved.

When the discharge gas is injected into the lower side of
the second positive electrode 130 through the third discharge
gas injection part 170, the horizontal flow of the discharge
gas blocks the vertical flow of the second arc, and thus it is
possible to control the length of the second arc as well as
prevent exposure to the reaction chamber 310.

As described above, the processing gas thermally decom-
posed in the torch part flows into the reaction chamber 310
as illustrated in FIG. 14, and while passing through the
reaction chamber 310, the processing gas can secure a
reaction time under high temperature to promote thermal
decomposition.

In addition, the processing gas collides with the bottle-
neck 311A inside the reaction chamber 310 to form a
turbulent flow, thereby inducing mixing of the processing
gas and securing a long reaction time of the processing gas,
thereby being capable of promoting thermal decomposition
of the processing gas.

Meanwhile, when the processing gas is thermally decom-
posed in the torch part and the reaction chamber 310, a
corrosive gas is generated.

Accordingly, when the protective gas is injected into the
upper side of the reaction chamber 310 through the first
protective gas injection part 320, the protective gas forms a
protective gas region on the inner circumferential surface of
the reaction chamber 310, and since the corrosive gas is not
in direct contact with the inner circumferential surface of the
reaction chamber 310, it is possible to prevent corrosion of
the reaction chamber 310.

In addition, when the processing gas is discharged from
the inside of the high-temperature reaction chamber 310 to
the outside thereof which is the relatively low temperature,
a large amount of fine particles or the like may be generated
and may be accumulated as foreign matters on the lower side
of the inside of the reaction chamber 310.

Therefore, when the protective gas is injected into the
lower side of the reaction chamber 310 through the second
protective gas injection part 330, the protective gas can
effectively discharge foreign matters accumulated in the
lower part of the reaction chamber 310 to the outside
thereof, and it is possible to prevent clogging of the reaction
chamber 310.

INDUSTRIAL APPLICABILITY

The present embodiment can be applied to a thermal
plasma processing apparatus for thermal decomposing and
processing the processing gases such as harmful gases and
greenhouse gases.

The invention claimed is:

1. A thermal plasma processing apparatus comprising:

a torch part in which an arc is generated between a
negative electrode and a positive electrode, and in
which a processing gas to be thermally decomposed by
the arc is injected between the negative electrode and
the positive electrode;

a power supply part connecting to the negative electrode
and the positive electrode and configured to apply a
high voltage between the negative electrode and the
positive electrode; and

a reaction part communicating with the torch part and
generate turbulence in the processing gas passed
through the torch part,
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wherein the torch part includes:

a negative electrode located in a center thereof,

a first cylindrical positive electrode surrounding the
negative electrode and having a first hole in a center
thereof,

a second cylindrical positive electrode spaced apart
from a lower side of the first cylindrical positive
electrode and having a second hole communicating
with the first hole in a center thereof,

a shaft-type negative electrode housing in which the
negative electrode is mounted at a lowermost end
and in which a cooling flow path is provided at a
center thereof,

a first cylindrical positive electrode housing surround-
ing the first cylindrical positive electrode and having
a supply path communicating with a cooling flow
path provided on an outer circumferential surface of
the first cylindrical positive electrode, and

a second cylindrical positive electrode housing sur-
rounding the second cylindrical positive electrode
and having a cooling flow path between the second
cylindrical positive electrode and the second cylin-
drical positive electrode housing.

2. The thermal plasma processing apparatus of claim 1,

wherein the torch part further includes:

a first discharge gas injection part provided above the first
cylindrical positive electrode, the first discharge gas
injection part configured to inject discharge gas to the
inside thereof in a rotational direction, and to supply the
discharge gas to the upper portion of the first hole,

a processing gas injection part surrounding the first cylin-
drical positive electrode housing, the processing gas
injection part configured to inject a processing gas to be
processed to the inside thereof in a rotational direction
and to supply the processing gas to an upper part of the
second hole, and

a second discharge gas injection part between the pro-
cessing gas injection part and the second cylindrical
positive electrode, the second discharge gas injection
part configured to inject the discharge gas into the
inside thereof in a rotational direction, and to supply the
discharge gas to the upper part of the second hole, and

wherein the first and second discharge gas injection parts
and the processing gas injection part are configured to
inject discharge gas and processing gas in the same
rotational direction.

3. The thermal plasma processing apparatus of claim 2,

wherein the first discharge gas injection part includes:

a first main body part having a cylindrical shape commu-
nicating with the first hole and having a predetermined
thickness in a radial direction, and

a plurality of first discharge gas injection ports passing
through the inner and/or outer circumferential surface
of the first main body part and configured to inject the
discharge gas in a tangential direction with respect to
the inner circumferential surface of the first main body
part.

4. The thermal plasma processing apparatus of claim 2,

wherein the processing gas injection part includes:

a cylindrical main body part surrounding the first cylin-
drical positive electrode and the first discharge gas
injection part and communicating with the second hole,
and

a plurality of injection pipes communicating with the
inside of the main body part and configured to inject the
processing gas in a tangential direction with respect to
the inner circumferential surface of the main body part.
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5. The thermal plasma processing apparatus of claim 2,
wherein the second discharge gas injection part includes:

a second main body part having a cylindrical shape
communicating with the second hole and having a
predetermined thickness in a radial direction,

a plurality of second discharge gas injection ports passing
through the inner and/or outer circumferential surface
of the second main body part and configured to inject
the discharge gas in a tangential direction with respect
to the inner circumferential surface of the second body
part, and

a ring-shaped second discharge gas auxiliary injection
port communicating with each other outside the second
discharge gas injection port.

6. The thermal plasma processing apparatus of claim 2,
wherein the torch part further includes a third discharge gas
injection part provided at the second cylindrical positive
electrode and a lower end of the second cylindrical positive
electrode housing, the third discharge gas injection part
configured to inject the discharge gas to the inner side in a
rotational direction, and to supply the discharge gas to the
lower part of the second hole.

7. The thermal plasma processing apparatus of claim 6,
wherein the third discharge gas injection part includes:

a plurality of third discharge gas injection ports passing
through the inner circumferential surface of the second
cylindrical positive electrode and the outer circumfer-
ential surface of the second cylindrical positive elec-
trode housing and configured to inject discharge gas in
a tangential direction with respect to the inner circum-
ferential surface of the second cylindrical positive
electrode, and

a ring-shaped third discharge gas auxiliary injection port
communicating with each other outside the third dis-
charge gas injection port.

8. The thermal plasma processing apparatus of claim 2,
wherein the torch part further includes a first magnet part
provided around the first cylindrical positive electrode and
configured to generate a magnetic field in the same direction
as the rotational direction of the discharge gas injected by
the first discharge gas injection part.

9. The thermal plasma processing apparatus of claim 2,
wherein the torch part further includes a second magnet
provided around the second cylindrical positive electrode
and configured to generate a magnetic field in the same
direction as the rotational direction of the discharge gas
injected by the second discharge gas injection part.

10. The thermal plasma processing apparatus of claim 1,
wherein the power supply part includes:

a negative electrode electric wire connecting a negative

charge to the negative electrode,

a first positive electrode electric wire connecting a posi-
tive charge to the first cylindrical positive electrode,

a second positive electrode electric wire connecting a
positive charge to the second cylindrical positive elec-
trode, and

a switch provided on the first positive electrode electric
wire and configured to selectively energize the negative
electrode and the first cylindrical positive electrode.

11. The thermal plasma processing apparatus of claim 1,
wherein the reaction part includes:

a reaction chamber provided under the second cylindrical
positive electrode and having a discharge flow path in
the axial direction communicating with the second
hole,

a first protective gas injection part provided on the upper
part of the reaction chamber, the first protective gas
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injection part configured to inject the protective gas
into the inside thereof, and to supply the protective gas
to an upper part of the discharge passage, and

a second protective gas injection part provided under the
reaction chamber, the second protective gas injection
part configured to inject a protective gas into the inside
thereof, and to remove foreign matters accumulated in
the lower part of the discharge flow path.

12. The thermal plasma processing apparatus of claim 11,

wherein the reaction chamber includes:

a cylindrical inner housing including at least one bottle-
neck formed by decreasing the diameter of the dis-
charge flow path, and

a double pipe type outer housing surrounding the inner
housing and provided with a cooling flow path therein.

13. The thermal plasma processing apparatus of claim 12,
wherein the inner housing is composed of insulation
ceramic.

14. The thermal plasma processing apparatus of claim 11,
wherein the first and second protective gas injection parts
supply one of nitrogen (N,), argon (Ar), air, and oxygen (O,)
as protective gas.

15. The thermal plasma processing apparatus of claim 11,
wherein the first protective gas injection part includes:

a plurality of first protective gas injection ports passing

through the upper inner and/or outer circumferential
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surface of the reaction chamber and configured to inject
the protective gas in a tangential direction with respect
to the inner circumferential surface of the reaction
chamber, and

a ring-shaped first protective gas auxiliary injection part

communicating with each other outside the first pro-
tective gas injection ports.

16. The thermal plasma processing apparatus of claim 11,
wherein the second protective gas injection part includes:

a plurality of second protective gas injection ports passing

through the lower inner and/or outer circumferential
surface of the reaction chamber and configured to inject
the protective gas in an orthogonal direction with
respect to the inner circumferential surface of the
reaction chamber, and

a ring-shaped second protective gas auxiliary injection

port communicating with each other outside the second
protective gas injection port.

17. The thermal plasma processing apparatus of claim 16,
wherein the second protective gas injection port is inclined
downward from the outer circumferential surface of the
reaction chamber toward the inner circumferential surface in
the discharge direction of the discharge flow path.

#* #* #* #* #*



